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By using the suction blister technique we have inves-
tigated the leakiness of skin vessels in healthy volun-
teers after whole-body suberythemogenic doses of UV A 
radiation (a quadrant on one side of the abdominal skin 
was shielded with lead-rubber). The accumulation of 
intravenously injected labeled albumin in blister fluid 
was slightly elevated 1 day after irradiation and in-
creased significantly 2 days later. The blister concentra-
tions of 4 endogenous plasma proteins (albumin, trans-
ferrin, IgG, and a2-macroglobulin) were elevated 1 day 
after radiation exposure and normalized 2 days later. All 
changes were equal on irradiated and nonirradiated 
skin. It is concluded that UV A radiation can induce a 
continued or biphasic increased leakage of plasma pro-
teins in the skin vessels, due to a humoral rather than to 
a direct physical effect of the radiation on the vessel 
walls. It is suggested that an increased microvascular 
leakiness in organs other than the skin might be present. 
Long-wave ultraviolet (UV A) radiation can produce dermal 
changes with capillary injury and endothelial cell necrosis [1]. 
Ultrastructural studies after large doses of UV A radiation have 
shown widely open endothelial gaps in the superficial dermal 
vessels [2]. In pig skin, increased microvascular leakage of 
albumin has been noted after treatment with anthracene and 
UV A radiation, whereas UV A radiation alone did not induce 
any m~asurable changes [3]. FUlthermore, it has been demon-
strated that middle-wave ultraviolet (UVB) radiation can pro-
voke an increased vascular permeability in animal skin [4]. In 
humans we have recently demonstrated that UV A radiation 
can elicit an overall increased vascular leakage of albumin [5]. 
The aim of the present study was to estimate the leakiness of 
the skin microvasculature after whole-body UV A irradiation. 
By shielding an area of the abdominal skin during the irradia-
tion, the microvascular leakiness in irradiated and nonirra-
diated skin was compared, in order to further elucidate whether 
the radiation-induced changes in vascular permeability are due 
to humoral or to direct, local, physical mechanisms. 
MATERIAL13 AND METHODS 
Volunteers 
Eight informed healthy male volunteers aged 19 to 25 years prutici-
pated in the study. Their bodies had not been exposed to the sun for at 
least 3 months prior to the investigation: 
Light Source 
Irradiation was carried out in a stand-up unit equipped with 76 
P hilips flu orescent tubes (Philips TL 40 W / 09) emitting mainly in the 
UV A region with a peak at 355 nm and producing UV A energy of 7 
mW / cm" at a distance of 50 cm. 
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Procedure 
The subjects received 1 whole-body irradia tion wi th UV A in a dose 
of 10 J /cm2. None of the volun teers presented any visible skin changes. 
The lower right quadrant of the abdominal skin was shielded with lead-
rubber (13 X 18 em) . The investigations were performed 1 and 3 days 
after the irradiation. 
A U subjects were studied in the moming after at least 8 hI' of fasting 
and 30 min of rest in the supine position to stabilize lymph tlow and 
extracellular body tluid volumes. In each individual [' ""I] -albumin was 
injected 1 day after irradiation and ["JlI]-albumin was injected 3 days 
after irradiation. The differences in radiolabels do no t affect the meta-
bolic behavior of the protein [6]. 
The thyroid radioiodine up take was suppressed with potassium 
iodide in a dail y dose of' 100 mg orally for 5 days. Weighed amounts of 
about 5 IICi of the protein tracers were injected in to one arm vein. 
Venous blood samples were drawn without stasis with a syringe from 
the other arm once before and during the next 180 min after inject ion 
at specified in tervals. 
Suction Blisters 
Thirty minutes after injection of the tracer protein, suction was 
applied to the abdominal skin to produce blisters as described by 
Kiistala [7]. Six transparent plastic suction cups wi th 5 holes each were 
used. The cups were placed symmetrically on the lower half of the 
abdominal skin and at a minimum of 3 cm from the margin of the 
nonirradiated skin ru·ea. Blisters developed a fter abou t 2 hr of suction 
with a negative pressure of 2()() mm Hg. The blister fluid from the 
irradiated and nonirradiated skin was collected separately in a syringe 
by puncture wi th a Mantoux needle. 
The '2"1 and ''' 'I radioactivity accumula ted in 1 ml blister fluid per 60 
min was calculated from the total blister activi ty and t he period of 
suction. The blister radioactivity (A,,) was then expressed as a percen t-
age of the mean plasma activi ty (A,) appearing in the blister tluid over 
60 min [8]. In 2 subjects, radioactivity measurements were performed 
both before and after protein precipi tation to secure that the radioac-
tivity in the blister tluid was protein-bound. The supem atant contained 
no detectable free' ""1 01' ''' 'I. 
Protein. Determination 
The concentrations in the plasma samples (C,) and the blister fluids 
(C,, ) of albumin (M .. 69,000) , transferrin (M,. 90,000), IgG (M .. 175,000), 
and alfaz-macroglobulin (M .. 800,000) were determined by radial im-
munodiffusion [9]. 
The results were compared with those obtained in 16 nonirradiated 
control subjects, 8 of whom were examined with [ " "I]-albumin and 8 
with [' '' 'I]-albumin. The blister fluid from the controls was a lso collected 
separately fTom each site of the abdomina l skin. The controls matched 
the subjects in the study as to sex, age, weight, and height. 
Statistics 
For statis tical evaluation Student's t-test for paired and unpaired 
observations was used. 
RESULTS 
Table I shows the 120r and 13 11 activity accumulated in the 
blister fluid per 60 min expressed as a percentage of mean 
plasma activity in equal volumes. In the controls the appearance 
rates were equal with both radiolabels used and fTom both sites 
of the abdominal skin. The mean control value in Table I is 
therefore an average of all values obtained. The appearance 
rate of labeled albumin is significantly elevated 3 days after 
irradiation as compared to 1 day after irradiation. The elevation 
is of the same magnitude on both irradiated and non irradiated 
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s kin. The mean values 1 day after irradiation are slightly, bu t 
not s ta tistically , significantly higher than those obta ined in the 
con trol group (Ta ble I) . 
Tables II and III show the endogenous plasma protein con-
centrations in the bliste r fluid (Ch). In the con t rols the protein 
c oncentra tions were equal in the fluid collected from each site 
o f the abdomina l skin, a nd the mean values of all concentr a tions 
a r e ther efore given. The mean concentra tions of all t he meas-
ured plasma prote ins wer e high er 1 day after irradiation as 
c ompared to 3 days a fter irradiation on both irradia ted (Ta ble 
II) a nd non irradiated (Table III) skin, a diffe rence tha t was 
s ignificant (p < 0.05) in most cases. Furthermore, the plasma 
protein values in blister t1uid tended to be higher 1 day a fter 
i rradia tion as compar ed to the control values, whereas all the 
values 3 days after irradia tion were close to those of t he cont rol 
g roup on both ilTadia ted and nonil"radiated skin (Tables II and 
III) . 
T A BLE 1. Individual data, appearance rate o( labeled albumin in 
blister (luid on irradiated and 11.0 11 irradiated sli in 1 and 3 days a(ler 
UVA irradiat iOIl 
A1,/Ajj (% x h- 'r' 
Subject Age Weight Height Irradiated NonilTa-
no. (years) (kg) (cm) skin diaLed skin 
I" lI'" II 
19 71 180 15.2 21.0 16.5 20.6 
2 20 70 170 15.7 16.2 15.7 16.0 
3 19 70 187 16.0 23.0 16.6 21.2 
4 19 79 189 7.7 22.5 8.6 13.0 
5 20 69 178 L6.1 18.6 17.9 L8.2 
6 24 75 188 LLO 12.8 10.2 15.9 
7 25 80 185 13.4 16.4 13.0 1.6.1 
8 22 7t 179 12.4 ILl 13.9 13.6 
M ean 21 73 182 13.4 17.7 14 .1 16.8 
+SD 2 4 7 3.0 4.4 3.3 3.0 
p < 0.05 <0.02 
Controls 
(n = 16) 
M ean 23 71 183 11.6 
±SD 3 8 7 3.6 
p N.S. < 0.02 N.S. <0.0 1 
" A" and A, = accumulated activity in blister fluid and mean serum 
activity of" labeled albumin. 
" 1 = One day after UVA irradiation. 
,. n = Three days afte r UV A irradiation. 
TABLE II. The endogenolls protein concentation ill blisler fluid C" 
(gil) on irradiated shin 1 and 3 days oller UVA irradiatioll 
Albumin Transfe rrin IgG (\':!- mHcl'og!ob. 
Subject nu . ulin 
I" II " II II II 
1 19.1 17.9 1.46 1..41 5.8 5.2 1.30 0.70 
2 18.1 16.6 0.96 0.86 7.0 6.9 0. 75 0.64 
3 19.0 20.1 1.44 1.47 6.7 6.7 0.84 0.95 
4 19.9 17.7 1.58 1.27 4.5 2.8 0.87 0.59 
5 18.0 14.3 1.11 1.03 4.5 4.6 0.45 0.38 
6 21.1 22.4 1.83 1.26 7.0 5.2 0.59 0.55 
7 22.2 22.8 1.25 1.17 4.6 4.4 0.70 O.GG 
8 22.0 17.7 1.25 0.79 4.5 3.1 0.G8 0.49 
Mean 19.9 18.7 1.36 1.16 5.6 4.9 0.77 0.G2 
±SD 1.7 2.9 0.28 0.25 1.2 1.5 0.25 0.17 
P N.S. < 0.05 < 0.05 N.S. 
Controls 
(n = 16) 
Mean 20.0 1.22 4.5 0.G1 
±SD 2.9 0.22 l.l 0.19 
p N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
" I = One day after UVA irradiation. 
" l[ = Three days after UVA irradiation. 
TABIJE III. The endogenous p rotein concentration in blister flu id C" 
(gi l) on non irradiated IJli in 1 and 3 days after UVA irradiation 
Albumin 1'ransf'crrin IgG a,.mncroglob-
Subject no. ulin 
I" 11 " II .II 11 
I 19.1 17.G 1.46 1.41 5.9 5.4 1.33 0.70 
2 19.7 16.9 0.98 0.90 7.7 6.8 0.74 0.63 
3 20.9 19.2 1.50 1.38 7.0 6.5 1.0] 0.94 
4 23.4 Hi.O 1.73 1.2G 4.9 3.5 0.80 0.62 
5 19.9 15.2 1.00 1.12 5. 1 4.2 0.52 0.50 
6 22.5 22.0 1.91 1.26 7.2 5.2 0.57 0.51 
7 25.7 22.0 1.26 0.99 4.4 4.2 0.71 0.67 
8 22.5 18.6 1.29 1.00 4.2 3.7 0.G7 0.58 
Mean 21.7 18.4 1.39 1.17 5.8 4.9 0.79 0.G4 
±SD 2.2 2.G 0.33 0.19 1.4 1.3 0.26 0.14 
P <0.01 <0.05 <0.01 N.S. 
Cont.rols 
(n = IG) 
Mean 20.0 1.22 4.5 0.61 
±SD 2.9 0.22 l.l 0.19 
P N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
" I = One day after UVA irradiation. 
" II = Three days after UVA irradiation. 
The mean concentra tions of all endogenous proteins in 
plasma (CJ were within normal range 1 a nd 3 days after 
irradia tion. 
DISCUSSION 
The suction blister technique was described by Kiistala in 
1968 [7]. Mild suction does not seem to affect t he properties of 
the vessel walls, but may increase the filtration rate. F urther-
more it has been suggested tha t the blister fluid may correspond 
to interstitial fluid [7,8,10]. By combining the suction blister 
technique wi t h tracer protein studies it seems possible to quan -
t ita te a regional leakiness of the skin microvasculature [ll]. 
The results from the control subjects in the present study 
strongly support this opinion since ther e was no variation in 
the appearance rate of labeled albumin or the protein concen-
tra tions in the blisters r egardless of the s ite of the a bdominal 
skin invest igated. Fu.r t hermore, no diffe rences wer e observed 
with use of the differ ent radiola bels. 
It is still disputed whether the vascular reaction to UV 
radia tion is caused by humoral mediators and/or by a direct 
local physical e ffect of t he radiation on t he vessel wall [12]. In 
eryt hem a produced by U VB radia tion , prostagla ndins have 
been suggested as media tors [13,14), whereas the possible me-
diators r ela ted to the delayed UV A erythema have not yet been 
established [15]. Our data show an equal increase in tracer 
albumin accumulation r a te in the blister fluid on irradiated a nd 
nonirradia ted skin 1-3 days after UV A irradiation . U nder t he 
present experimental condit ions, this indicates that the delayed 
vascular reaction to U V A radiation is not due to a direct 
physical e ffect of the radiation, but tha t it may be caused by 
vasoactive media tors. 
In experimental animal s tudies the vascula r response to UVB 
radia tion is biphasic. The transient immediate increased vaso-
permeability is followed by a period of delayed, prolonged, 
increased vasopermeability 2-8 hr later [3). T he vascular r eac-
tion to UV A radiation has been repor ted to evolve m ore slowly 
tha n the UVB reaction [12]. This is in agreement wi th our 
study, in which t he microvascula r leakage of radiola be led al-
bumin was only slightly increased 1 day afte r irradiation, but 
significantly increased 2 days later , indicating a delayed in-
creased vasopermeability. In contrast to this we found an 
increased extravascul ar concentration of endogenous plasma 
proteins as eru·ly as 1 day after irradia t ion. The appearance ra te 
of labeled albumin in blister t1uid is a measure of the local 
leakiness of the skin vessels at the t ime of i.v. injection of the 
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tracer, whereas t he endogenous protein concentration in the 
blisters is a measure of the interstitial protein concentration , 
which can be in a temporary unsteady state [16]. T herefore the 
increase in endogenous protein concentrations in blisters could 
reflect an uncompensated accumulation of plasma proteins in 
the skin interstitium due to an immediate, transient increased 
vasopermeabili ty that was not observed in the first tracer 
protein examination 24 hr after irradiation. The fact that the 
extravascular plasma protein concentrations were normal 3 
days after inadiation in spite of the indications of a delayed 
increased vasopermeability may be explained by either regula-
tory mechanisms such as increased lymphatic protein flux, or 
by a subclinical edema diluting the interstitial protein content. 
From these results we therefore suggest that the vasoperme-
abili ty after UV A irradiation grad ually increases or is possibly 
biphasic as is the case after UVB irradiation. Furthermore, 
since th e changes in vasopermeabiJi ty were found in both 
irradiated a nd nonirradiated skin, humoral med iators seem to 
be involved. 
T he results from our study migh t be compared with the 
protein and water shift in chemically induced skin inflamm ation 
investigated by Aschheim and Zweifach [16]. They found that 
subsequent to histamine injection, protein was transiently re-
tained by the inflamed skin. 
In 1980 Volden, Haugen, and Sluede produced suction blis-
ters on normal and UVB-irradiated a bdominal skin . They found 
no significant differences in the total protein concentration of 
the blister fluid 18 hr after irradiation [17]. These measure-
ments were performed in t he delayed phase after the UVB 
ilTadiation. T hough the total protein concentration may conceal 
variations in the different plasma protein concentrations, it is 
likely that their resul ts can be explained by the same mecha-
nisms causing the normalized plasma protein concentrations in 
our study 3 days after irradiation, i.e., an increased lymphatic 
drainage or an edema of the skin. 
The microvascular reaction to UV radiation may also be 
compared to the changes in vascular permeability following 
th ermal injw·y to the skin [18,19]. A distinction is usually made 
between an immediate and a delayed vascular leakage in mod-
erate thermal injury. It is supposed that the immediate reaction 
is primarily due to histamine, whereas the mediators involved 
in the delayed phase are still disputed. By examining lymph 
fluid collected from the h ead of a dog with a total burn of about 
50% of the hind part of the body, a n increased microvascular 
pe.rrneability in nonbumed areas could be demonstrated [18]. A 
similar increase was observed in other tissues remote from the 
bumed area, e.g., in the liver and the central nervous system. 
These reactions have been attributed to chemical mediators of 
inflammation. t he fin dings are i.n agreement with the increased 
permeability of the glomerular membrane after burn trauma in 
humans, indicating that med iators elicit generalized microvas-
cular leakage after thermal illjury [18]. 
We have recently demonstrated that whole-body UVA irra-
diation caused a 2-fold increase in the overall micJ"Ovascu lar 
leakage of albumin [5]. The data presented here show th at th e 
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appearance rate of labeled albumin in blister fluid increased 
about 30% from day 1 to day 3 foll owing irradiation. This 
finding corroborates our previous results, but the magnitude of 
the increased a ppearance rate of tracer protein accounts only 
partly for the increased leakage measured in the total body. A 
subclinical edema of the skin might explain some of the dis-
crepancy. An increased microvascular leakage of albumin in 
organs other than the skin, e.g., the kidneys or the intestine, 
could, however, also be present following exposure to UV A 
radiation a nalogous to the sit uation following burn ing. 
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